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I. INTRODUCTION

In 1978 a test program was initiated to evaluate the feasibility of storing
European POMCUS (Prepositional Overseas Materiel Configured to Unit Sets)
vehicles in a fully fueled configuration. POMCUS vehicles are currently in
storage ranging from 1 to 4 years. Storing vehicles in a fully fueled con-
dition can greatly increase the readiness of the vehicles by shortening the
time required for post-storage preparation of the vehicles. However, the
long-term storage, even under the controlled humidity conditions present in
the warehouses, can result in fuel storage-related problems if preventive
measures are not taken. Preventive measures include the use of stability

additives and regular fuel quality monitoring.

The extent to which a fuel tank is drained, the quality of the residual fuel,
the presence of water, the effectiveness of preservative-oil applications, and
other factors combine to determine the future residual fuel quality and fuel
tank condition, In the case of storing fully fueled equipment, an impending
requirement for POMCUS equipment, even more stringent preventive measures were

required to avoid fuel and fuel tank deterioration-related problems,

II. DISCUSSION

Under the test program, a given set of vehicles were stored fully fueled for a
period of 30 months, some with neat fuel and some with additive-treated fuel.
A two~part additive package used to treat the fuel consisted of a biocide,
BIOBOR-JF*, at a concentration of 270 ppm, and a fuel stabilizer (dispersant,
antioxidant, metal deactivator, and rust inhibitor), FOA-15%*, at a concen-
tration of 25 pounds per thousand barrels of fuel, Table 1 1lists the
vehicles used during the test by vehicle code, vehicle number, vehicle
type, and additive treatment, The vehicle codes were assigned to simplif-

discussions, It 1is noted that some of the vehicles were droppad

*Registered trademark of United States Borax and Chemical Corporation.
**Registered trademark of E., I. DuPont de Nemours, Inc.
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TABLE 1, VEHICLES USED IN POMCUS STORAGE PROGRAM
Vehicle Vehicle Vehicle Additive
Code Number Type Number Treated
A-1 12AL72 M109 No
A-2 12AL89 M109 Yes
A-3 12AP61 M109 Yes
A~4 9B8772 M109 Yes
A~5 9B8695 M109 Yes
B~-1 A9A81671 M578 No
B~2 12FMO7 M578 Yes
B~-3 12FM75 M578 Yes
B-4 12FM32 M578 No
B-5% JVOO5K M578 No
C-1 12EZ08 M577 No
Cc-2 12EMO3 M577 Yes
c-3 12ETO03 M577 Yes
C~4 12EL65 M577 Yes
C=5% 12EY66 M577 No
D-1 04N16269 M35 No
D-2 04K16869 M35 Yes
D-3 04A97570 M35 Yes
D=4 04K9841 M35 Yes
D-5 4N00269 M35 Yes
D-6% 4N30169 M35 No
E-1 4E3765 M49cC Yes
E-2 506059 Pod Truck No
E-3 593-35 5000-gal.tanker No
E-4 593-45 5000-gal.tanker Yes
E-5% 5E0348 Tank & Pump Yes
* Not Original Fuel Stock; New Fill, New to Program.

the program during the test and were replaced with other vehicles. The vehi-
cles were sampled at 6-month intervals. Fuel samples were shipped to the U.S.
Army Fuels and Lubricants Research Laboratory (AFLRL) for analysis, and were
also analyzed by the 993rd QM Det in Kaiserslautern, Germany. Table 2
summarizes the sampling of the vehicles,




TABLE 2, SUMMARY OF SAMPLING OF POMCUS VEHICLES
Vehicle 0 6 12 18 24 30
Code Month Month Month Month Month Month
A-1 X X X X X X
A-2 X X X X X X
A-3 X X X X X X
A-4 X X X X X X
A-5 X X X X X X
B-1 X X X X X X
B-2 X X X X X -
B-3 X X X X X -
B-4 X X X X X X
B-5 — X X X X X
CcC-1 X X X X X X
c-2 X X X X X X
c~-3 X X X X X X
C-4 X X X X X X
c-5 - X X X X X
|

D~1 X X X - X X ]
D-2 X X X X X X
D-3 X X X X X X
D=4 X X X X X X
D-5 X X X X X X
D-6% - - - X X X
1 X X - - - -
E-2 X X - - - --
E-3 X - - -— - o
E-4 X - -— - o -
E-5% - -— - X X X
* = Fill Date: April 1979,

x = sampled

~~ = not sampled

Before discussing the results of the test, some comments regarding the test

vehicles are in order.

There was inconsistency in the method of sampling of the fuel cells in that
the samples were not taken from the same part of the fuel cell at each samp-

ling period as indicated below:




Sampling Period Sampling Level

. 0 month All level
° 6 months Bottom

° 12 months Unknown

. 18 months Middle

. 24 months Unknown

] 30 months Middle

Additionally, it should be noted that all the samples recelved except for the
30-month samples may not be a true representation of all the fuel in the fuel
cell. The fuel samples were taken from vehicles in static storage, and the
fuel in the fuel cells was not mixed in any manner before the samples were
taken. The products formed by the degradation of fuel can settle to the
bottom, giving false test data if the fuel is not mixed in some manner. Prior
to taking the 30-month samples, the vehicles were operated for a short period
of time in order to mix the fuel, The samples were then taken as soon as the

engine had been shut down.

The condition of the fuel cells (i.e.,, cleanliness and types of materials
present) at the time of fueling was not known. Proper cleaning measures were
not employed to ensure clean fuel cells before fueling. Also the extended
period of time between shipment of samples to receipt at AFLRL could change

the results somewhat in that fuel degradation could occur in transit,

Initial untreated fuel (AL-7394-F) and treated fuel (AL-7395-F) were evaluated
by four different stability tests, the results of which are found in Tables

3 through 5, and summarized below,

] At 43°C, both fuels are stable in terms of color, gum, and sediment;

however, the treated fuel is much more stable.

) At 80°C for 7 days the untreated fuel shows marginal particulate and

adherent insoluble values.




° At 100°C (D 873, modified) with 100 psi oxygen for 16 hours, the treated

fuel forms less potential residue.

° At 150°C for 90 minutes, the treated fuel is significantly more stable in

terms of particulates.

TABLE 3. POMCUS DIESEL (DF-2) FUELS, 43°C STORAGE TEST RESULTS

AFLRL Code No. 7394 (untreated) 7395 (treated)
8 wk 12 wk 16 wk 32 wk 8 wk 12 wk 16 wk 32 wk

Particulates, D 2276,
l,2-micrometer,

my,/500 ml 0.4 0.8 a7, 2,4% 1,8, 2,7*% 0,2 0.2 0.2, 0,1* 0,1, 0,5%
i Steam Jet Gum, D 381,
) mg/100 ml 11.9 9.6 9.0 11.6 9.8 8.4 8.6 8.2
r
‘ Color D 1500
Unfiltered 1.5 2,0 2,0 2.5 1.5 2.0 2.0 2.5
Filtered 1.5 2,0 2.0 2.5 1.5 2,0 2.0 1.5
Totda!l Actd No.,
D bbe (4U=2 sample) 0,048 0,031 0.031 0.026 0,048 0.036 0.030 0.021 '
Light Absorbance,
Unfiltered Fuel
650 am 0.015 0,020 0,025 0,044 0,013 0.013 0.011 0.013
55 nm 0.055 0,066 0,085 0,129 0,051 0.053 0,054 0.062
S5« nm 0,105 0,119 0.146 0,204 0,099 o0.101 0,106 0.123
500 nm 0.193 0,220 0.265 0,353 0,189 0.193 0.205 0,234
Filtered Fuei
650 nm N.013 0.017 0.019 0,030 0.013 0.013 0.014 06,015
575 nm 0.052 0,060 0,076 Ge 115 0,049 0,057 0.055 0.060
540 nm 0.101 0,110 0,136 0.194 0.098 0.102 0.108 0,120
500 nm 0.190 0,207 0.254 0.336 0.185 0.194  0.207 0.230
Adherent Insolubles,
mg/500 ml 3.2 1.4 6.2, 5.2% 4.5, 4,2% 4,4 0.8 0.1, 0.3% 0,1, 0,1*
Visual Inspection,
Precipitated Sediment Tr Tr Tr Tr Tr Tr Tr Tr
Wall Adherent Gum Tr Tr Tr Tr Tr Tr Tr r

*Replicate Test Results




TABLE 4,

POMCUS DIESEL (DF-2) FUELS, 80°C STORAGE TEST RESULTS

AFLRL Code No.

Particulates,

D 2276, 1.2 micrometer,

mg/100 ml
n-heptane

Steam Jet Gum, mg/100 ml

D 381

Color Unfiltered/Filtered

D 1500

Light Absorbance,

Unfiltered/Filtered Fuel,

650 nm 1 Day

3 Days

7 Days

575 nm 1 Day

3 Days

7 Days

540 nm 1 Day

3 Days

7 Days

500 nm 1 Day

3 Days

7 Days

Adherent Insolubles, mg/100 ml

1 Day

3 Days

7 Days

Visual Inspection,

Precipitated

Sediment, 1 Day

Wall Adherent 3 Days

Gum 7 Days

1 Day
3 Days
7 Days

1 Day
3 Days
7 Days

1 Day
3 Days
7 Days

7394

- 00 n
-

(untreated)

2.0/2.0
2.0/2.0
3.0/2.5

0.016/0.012
0.022/0,013
0.102/0.022
0.058/0,052
0.072/0.059
0.201/0.095
0.110/0.101
0.129/0.117
0.288/0.172
0.205/0,194
0.236/0.223
0.445/0.316

Tr, Tr
Tr, Tr

Small Amt, Tr

7395
(treated)

NN N
e .

s o o
o »nun

0.015/0.009
0.015/0.011
0.014/0.010
0.052/0,045
0.053/0.046
0.055/0.049
0.100/0.091
0.103/0.095
0.100/0.101
0.193/0.180
0.199/0.188
0.211/0.203

Tr, Tr
Tr, Tr
Tr, Tr




TABLE 5. POMCUS DIESEL (DF-2) FUELS--RESULTS FROM
VARIOUS ACCELERATED STABILITY TESTS
ASTM D 873 (MOD) 16~HR
AFLRL Code No. 7394 7395
(untreated) (treated)
Odor Tr Sour None
Visual Inspection;
Precipitated Sediment, Tr None
Wall Adherent Gum, mg/100 ml Tr None
Color (Filtrate) D 1500 3.0 2,5
Precipitate, mg/100 ml 3.7 1.6
Insoluble Gum, mg/100 ml 0.4 0.2
Soluble Gum, mg/100 ml 11.5 8.6
150°C Accelerated Stability Test (90 min)
AFLRL Code No. 7394 7395
(untreated) (treated)
Particulates, mg/100 ml 6.9 3.5 {
Steam Jet Gum, D 381, mg/100 ml 19.6 19.8
Color, D 1500 (unfiltered) 3.5 2.5
Color, D 1500 (filtered) 3.0 2.0
Light Absorbance,
Unfiltered ‘uel, nm 650 0.145 0.045
575 0.257 0.118
540 0.334 0.182
500 0.494 0.310
Filtered fuel, nm 650 0.075 0.034
575 0,199 0,101
540 0.294 0,164
500 0.491 0.294
Adherent Insolubles, mg/100 ml 7.7 4,1
Visual Inspection
Precipitated Sediment, Tr Tr
Wall Adherent Gum None None

The total 1insolubles values for the ASTM D 2274 accelerated stability test
for the untreated base fuel and treated fuel were 1,1 and 0.4 mg/100 ml, re-
spectively., While the additive-treated fuel 18 significantly more stable,




both fuels gave values lower than the 1.5 mg/l100 ml limit specified in VV-F-
800C.

Table 6 is a summary of the accelerated stability results (from AFLRL) for the
0-, 6~, 12-, 18-, and 30-month samples., The accelerated stability data gen-
erally follow a trend of increasing with time. With the exception of samples
D-2 and D-4, the only 30-month samples that exceeded specification limits were
from vehicles containing neat fuel, Overall, the accelerated stability re-

sults tended to be lower for the additive-treated fuel than for the neat fuel,

Anomalies exist in the D 2274 data for the treated versus untreated samples at
12 and 18 months. Vehicle A-5 has high D 2274 values while vehicles A-2
through A-4 remained low, all four of which contained treated fuel., The 6,5
mg/100 ml value at 12 months for vehicle D-2 is anomalous in that at 18 months

the value was 0.7 mg/100 ml.

{NOTE: The D 2274 value of 32,5 for vehicle E-1 is anomalous and a
one~time sample., It is believed that this unusually high value indicates
contamination of the sample source by substances normally not present in
diesel fuel., D=6 and E-5 were first time samples and are directionally
correct for additive~treated effects; however, the untreated fuel value

of 2.0 mg/l00 ml is considered high and exceeds specification limit.]

Overall, it is judged that the additive-treated fuel remained more stable as
measured by D 2274,

Table 7 is a summary of the AFLRL particulates data for the 0-, 6-, 12-, 18-,
24~, and 30-month samples. Note that in most cases the data follow a general
trend of slight increase in particulates from one sampling period to the next.
With the exception of samples D-2 and D-4, all of the samples are within
specification limits. Generally, there tends to be higher particulates in the
additive~treated fuel, possibly due to the dispersant component of the addi-
tive acting to keep particulates suspended rather than allowing them to settle

out of the fuel.
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TABLE 6, SUMMARY OF ASTM METHOD D 2274 ACCELERATED STABILITY VALUES FOR
POMCUS FUEL SAMPLES
D 2274, Total Insolubles, mg/100 ml
Vehicle Additive 0 6 12 18 30%%
Code Treated Month Month Month Month Month
A-1 no 1.0 0.3 1.8 1.1 1.2
A-2 yes 0.7 0.3 1.7 0.5 0.4
A-3 yes 1.0 0.4 0.8 0.4 003
A~-4 yes - 0.3 0.5 0.7 0.2
A-5 yes - 0.1 2,5 2.0 2,7
B-1 no 0.9 0.6 0.7 0.7 0.4
B-2 yes 0.3 0.4 0.9 0.5 -
B-3 yes - 0' 6 0. 8 10 l —
B-(O no 009 0.4 2'0 1-3 1.3
B-5 no - 0.3 0.6 0.2 0.2
C—l no 0.5 101 0.9 2-7 2.4
c-2 yes 0.4 0.2 1.3 0.9 0.3
c-3 yes s 0.2 0.5 0.9 0.3
C-4 yes 0.7 0.3 0.6 0.3 0.3
Cc-5 no - 1.2 0.6 1.3 2.7
D-1 no 1.3 0.8 2,6 - 0.3
D-2 yes 2.5 0.3 6.5 0.7 +
D-3 yes — 0.3 0.2 0.4 0.1
D-4 yes - 0.3 0.6 0.8 +
D-5 yes 0.6 0.3 1,0 0.8 0.1
D-6% no -— - —_— 2.0 0.9
E~1 yes - 32.5 - - -
E~-2 no - 1.9 - - -
E-3 no 1.1 - - - -
E~4 yes 0.4 - - - -
5-5* yes - _— — 0. 3 0. 4
Additive Treated
Average 0.8 2,64 1.4@ 0.9 0.5
Std,Dev, $0.7 *8.6 +1.7 0.4 0.8
Not Additive Treated
Average 1.0 0.7 1.3 1.3 1,2
Std.Dev. $0,3 10,6 0,8 0.8 +0.9

% Fill Date: April 1979.
*% 24-month data not availa

ble,

+ Aged sample would not filter due to high particulate level.

~= Not available,

Y Omitting Vehicle E~1: 0,3

@ Omitting Vehicle D-2: 1

t 0.1
0 t 0.6
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30
Month

24
Month

18
Month

12

l.2-micrometer, mg/1000 ml
Month

Particulates, D 2276 (mod.)

Month

0
Month

SUMMARY OF PARTICULATES FOR POMCUS FUEL SAMPLES

Additive
Treated

TABLE 7,

Vehicle
Code
A-1
A-2
A-3
A-4
A-S

O WO T
e o o o o
NO~\WOO

26204
01510

O WO ANAN
® e o o @
ONNAHO

6.8

no
no

B-1
B-
B-
B-4
B-5

— N OO =~
e o o o o
N — N TN

24257
01000

404/44
01000

NNNNN
[=NeRoloNe

no
yes
yes
yes
no

C-1
Cc-2
C-3
C-4
C-5

~r
T O e D T
e & &N ¢ o
LS g S R YR

O M O N
* & o
—- O OoOMO

N OO

u-/OOll

.
[ ]
.
.
-
-

6.4 0.2

yes
yes
yes
yes
no

D-6*

1.1

0.5

0.4

l.4
0.4

l.4
2.6
2.8
2.4

April 1979.

yes
no
no
yes
yes

E-1

E-2

E-3

E-4

E-5%
Mean
stdoDeVo
Mean
Std. Dev.

Additive Treated
Not Additive Treated

*Fill Date:




Also, since the dispersant acts to keep some of the particulate matter in
suspension, a higher particulate level can be tolerated. With the dispersant,
there is less sludge and the majority of the particles are in the size range
of 1.2 to 4 micrometers. This size will pass through most fuel filters, but

not through a l.2-micrometer pore size membrane filter.

Table 8 summarizes the AFLRL steam jet gum results for the 0-, 6-, 12-, 18-,
24~, and 30-month samples, Generally, the steam jet gum results do not show

TABLE 8, SUMMARY OF STEAM JET GUM DATA FOR POMCUS FUEL SAMPLES
ASTM Method D 381, Steam Jet Gum, mg/100 ml

Vehicle Additive 0 [ 12 18 24 30
Code Treated Month Month Month Month Month Month
A-1 fo 57.05}; 8.0 6.7 7.6 6.5 22.8%33
A-2 yes 33.0(1) 5.1 10.0 9.8 12.9 26.6
A-3 yes 29.1 8.0 9.0 10.3 9.5 13.3 t
A~4 yes (2) 11.3 23.9 23,7 13.3 14.1(3)
A~-5 yes (2) 22,7 51.2 2.3 27.0 35.3
B-1 no 160.02}; 13.8 63.7 50.4 7.5 11.4
B~2 yes 122.0 6.9 9,0 8.3 7.3 (2)
B~-3 yes 1) 7.3 7.6 10.1 6.5 (2)
B-4 no 51,2 6.9 7.8 9.0 7.5 11.9
B-S no (2) 8.8 14.2 8.5 804 14.4
c-1 no 6.3 10,7 7.0 6.6 7.4 21.7%3;
C-2 yes 7.3 7.7 4.5 13.1 10.4 108.8(3)
c-3 yes (2) 25.1 36.4 50,2 (3) 85.9
C=4 yes 7.2 8.4 12,8 20.0 8.3 16.7
C-5 no (2) 5.3 10.5 10.1 5.0 11,0
D-1 no 83.22}; 11.6 9.9 69.0 12.3 15.5 55
D-2 yes 102.1 7.2 32.9 91.1 (3) 124.7(3) ]
D=3 yes (2) 108,3 11.8 37.8 (3) 147.0(3)
D-4 yes (2) 64.6 5.7 20.8 45.8 98.9(3)
D-5 yes 12.9 19.2 24,7 (2) (4) 48.1
D-6 no (2) (2) (2) (2) 4.0 7.2
E-5 yes (2) (2) (2) 3.9 3.2 5.9
(1) Analyges performed using air jet rather than steam jet method.

(2) No data available,

(3) Sample was still wet after 1 hour in heating block.

(4) Sample contaminated by water.




as much of a trend of increasing with time as do the particulates and acceler-
ated stability results. Overall, the 30-month results tend to be higher than
the previous samples., This is to be expected due to the increase in storage
time; however, the high values in some of the early samples could indicate the
presence of higher boiling materials such as preservative oils. It is also
expected that the additive-treated samples could have a slightly higher steam
jet gum result than the neat samples due to the polymer present in the ad-
ditives.

During termination of the test, the fuel filler pipes were inspected, and the
results are summarized in Table 9. The vehicle engines were then started
(some of which required ether) and run for approximately 1 hour each, Due to
the restricted maneuvering area in the warehouse vicinity, approximately 1.5
and 10 miles were put on the tracked and wheeled vehicles, respectively., Two
fuel samples (each 1 gallon) were then obtained in addition to removing the
primary fuel filters for visual inspection. Of the eighteen vehicles in-
volved, two were not fully operational, Vehicle No. 9B8695 (M109) could not
be started due to starter problems, and Vehicle No. 12FM32 (M578) was run only
long enough to get it out of the warehouse, because the secondary fuel filter
housing gasket was missing and leaking fuel profusely. Figure 1 contains
photographs showing standard POMCUS warehouse vehicle storage and vehicles
being towed out of the warehouse and fueled before driving away. The last
photograph in Figure 1 shows a fully fueled vehicle in the current program

being started in the warehouse and driven out,

Throughout the course of the test, two sets of samples were taken from each
vehicle at each sampling period. One set of samples was shipped to AFLRL for
analysis. The results of these analyses are reported herein and in References
1 and 2, The other set of samples was submitted for analysis to the 993rd QM
Det (PPL, B) laboratory located in Kaiserslautern, Germany.

The 993rd laboratory 1s equipped to perform most of the usual specification
tests on fuel samples., Table 10 is a compilation of the accelerated stabil-

ity, carbon residue, total acid number, and particulates data for the 30-month
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TABLE 9. POMCUS VEHICLE FUEL FILLER PIPE INSPECTION RESULTS

Vehicle Additive

Number Vehicle Type Treated Filler Pipe Inspection

12AL72 M109 no Good condition, no grease

12AL89 M109 yes Good condition, no grease, torn screen

12AP61 M109 yes Good condition, no grease

988772 M109 yes Good condition, no grease

9B8695 M109 yes Good condition, no grease

A9A01671 M578 no Fuel cell bladders installed TM-9-237
(Good condition)

12FMO7+ M578 yes —

12FM75+ M578 yes —

12FM32 M578 no Probably not bladder; fuel: dark,
dirty, appears to be just oil, no
cover

JVOOS5K* M578 no ¥t ] cell bladder installed, good
cundition

12EZ08 M577 no 5 ft pipe good condition

12EMO3 M577 yes 6 ft pipe good condition

12ETO3 M577 yes 6 ft pipe good condition

12EL65 M577 yes 6 ft pipe good condition

12EY66* M577 no 6 ft pipe good condition

04N16269 M35 no Very, very slight white corrosion,
copper scratched

04K16869 M35 yes "Stinks"-old filler pipe, copper
showing; preservative grease
turned milky white, extensive
corrosion

04A97570 M35 yes Preservative greage on cap, slight
corrosion (1 in“) two inches above
fuel line

04K9841 M35 yes Scratched to copper in some places,
0ld? Slight corrosion over whole
surface above fuel line

4N00269 M35 yes Some scraped copper showing; very
slight corrosion

4N30169% M35 no —

4E3765 M49C yes ——

06059 Pod truck no ——

593-35 5000~gal, tanker no —

593-45 5000~gal, tanker yes ——

SE0348* Tank & Pump yes —

* Not original fuel stock; new fill, new to program.
4+ Vehicle dropped from program,




b. Vehicle Being Towed Ce Vehicle Being Fueled

Out of Warehouse

Fully Fueled Vehicle Being

Before Drive Away

Started in POMCUS Warehouse and Driven Out

FIGURE 1o POMCUS WAREHOUSE VEHICLE STORAGE PROCEDURES
FOR DRIVFE AWAY AND FULLY FUELED STORACE




fuel samples, as determined by the 993rd laboratory. Tuble 11 is a listing of

the particulates data, from the 993rd laboratory, for 18-, 24-, and 30-month
samples and also accelerated stability data for the 24- and 30-month samples.

The 993rd lab was not equipped to run these tests prior to these periods.

k
TABLE 10, LABORATORY RESULTS OF POMCUS 30-MONTH FUEL SAMPLE
Analyses performed by 993rd QM Det.

Vehicle Additive Accelerated Stability, D 2274 Carbon Residue Total Acid Number Particulates, b 2276

Code Treated Total Insolubles, mg/100 ml 10% Bottoms, wtX D 664 mg KOH/g Sample 1.2 ym, mg/1000 ml
, A~1 no 0.62 0,19 G.67 8.5
: A=2 yes 0,51 G.l6 0.06 1.6
L A-3 yes 0,68 0.17 0,07 18.6

A~4 yes 1.25 0.11 0.07 38.8

A~5 ves 0.77 0.20 0.06 5.7

B-1 no 1,45 0.13 0.07 21.8

B4 no 0,82 0.16 0.06 0.7

8~5 no 0,20 0.09 0.09 2.9

-1 no .31 0.18 0.06 “eb

Cc=2 yes 0,65 0.19 0,06 16.8

C-3 yes 0.51 0.20 0,07 1.5

C-4 yes 0,28 0,11 0,07 2.6

c-5 no 0,88 0.14 0,07 2.1 .

D-1 no 0.68 0.32 0,09 10,5

D-2 yes 0.68 0.70 0.38 tasb

D-3 yes 0.65 0.19 0,06 0.1

D4 yes 1.62 0.20 0.07 0,1

D=5 yes 0,42 .15 0,07 0.1

D-6 no 0,28 0.11 0.09 5.4

E-5 yes 0,60 0,13 0,06 0,2




TABLE 11. LABORATORY RESULTS OF POMCUS FUEL SAMPLE
; Analyses performed by 993rd QM Det (PPL, B),
{ Accelerated
Particulates, ASTM D 2276, Stability, AST™ D 2274,

Vehicle Additive 1.2 um, mgllOOO ml Total Insolubles, mg/lOO ml
Code Treated 18 Month 24 Month 30 Month 24 Month 30 Month
A-1 no 1.00 0.53 8.52 1.2 0.6
A=2 yes 4,47 1.14 11.60 1.7 0.5
A-3 yes 6.26 1.30 18.60 0.5 0.7
A=Y yes 2.46 0.71 38.80 0.4 1.3
A-5 yes 4,03 0.71 5.66 0.8 0.8
B-1 no 1.31 0.40 21.79 0.6 1,5
B-2 yes 3.82 3.03 + 2,6 +
B-3 yes 6.70 8.96 + 2.4 +

B-4 no 1.70 1.11 0.70 0.9 0.8
B-5 no 1.88 0.70 2.87 1.6 0.2
C-1 no 0.20 1,15 4,55 1.5 1.3
c-2 yes 0.90 1.70 16.76 1.0 0.7
c-3 yes 0,21 4,42 1.50 1.0 0.5
C~4 yes 0.10 4,50 2.62 0.6 0.3
c-5 no 0.24 4,44 2,05 2.8 0.9
D-1 no 3.20 2,36 10.52 0.6 0.7
D-2 yes 1.10 44,18 14,55 2.1 0.7
D-3 yes 1.72 1.42 0.03 0.8 0.7
D-4 yes 2,07 1.87 0,03 1.1 1.6
D=5 yes 0.63 0.39 0.10 0.6 0.4
D-6 no 3.07 1.33 5.41 2.7 0.3

!
E-5 yes 6,70 2.19 0.21 0.3 0.6
| + Samples dropped from program.
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It is noted that many anomalies exist throughout the data from the 993rd

laboratory, especially 1in the particulates data, In many instances, the

particulates data do now show a trend of steady increase in test results; and

although some increase in the amount of particulates was expected, the mag-

nitude of increase as indicated by the 993rd data can not be readily explained

or confirmed. Also, in a 2-year test at Aberdeen Proving Ground, the parti-

culates data varied in a cyclic pattern (3).*

Table 12 contains the laboratory data for the 30-month samples as determined

at AFLRL. Examination of the data indicates that the fuel in most of the

vehicles remained relatively clean and stable throughout the 30-month storage

period. Generally, the additive-treated fuel samples exhibited more desir-

able stability characteristics than did the neat fuel samples, Some anomalies

do exist, however, such as vehicle E-5 which gave a low D 2274 value
(0.4 mg/100 ml) but a relatively high 150°C 3-hour result (11.0 mg/ml).

The fuel samples from vehicles D-2 and D-4 exhibited poor results for most of

the tests performed. It should be noted that these vehicles also had much

visible corrosion in the fuel tank area (see Table 9) which could account for
some of the decrease in the quality of the fuel. Although these two vehicles
contained additive-treated fuel, the majority of the corrosion occurred above
the fuel 1line., Since the additive package does not contain a volatile cor-

rosion inhibitor, the nonfuel-wetted surfaces are afforded no corrosion pro-

tection, Figure 2 is a photograph of the fuel filler pipe from vehicle no.
04K16869 (D-2). Note that the most extensive corrosion (the cause of which
has not been determined) is in the upper two-thirds of the filler pipe where
fuel was not in constant contact with the metal, Corrosion debris could also

have further catalyzed degradation of the fuel.

In additfon to visual ianspections of the fuel filler pipe area of each ve-
hicle, the primary fuel filters were removed and inspected, Based on the
results of this preliminary inspection, the filters were either discarded or
returned to AFLRL for further analysis. Four filters, from Vehicle Nos.
12EZ08, 12EY66, 12FM32, and 04K16869, were returned for analysis. Figure 3 is
a photograph of the filter from Vehicle No. 12EY66. Each filter underwent a

*Underscored numbers in parentheses refer to list of references at the end of
this report.
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TABLE 12. UABORATORY DATA FOR POMCUS 30-MONTH FUEL SAMPLES
Vehicle Code A-1 A-2 A-3 A-4 A-5S B-1 B-2%4 B-3*n B-4 B-5
Additive Treated no yes yes yes yes no x x no no
Accelerated Stability,
D 2274, Total Insolubles,
mg/ 100 ml 1,2 0.4 0.3 0.2 2.7 0.4 - - 1.3 0,2
Particulates, D 2276,
1,2 micrometer, mg/l000 ml1 1,6 1.1 2.5 1.8 5.0 0.3 - - 4.2 7ol
150°C Accelerated Stabilfty,
Total Insolubles, mg/l100 ml
1,5 hr 1.5 0,1 0.7 0.3 0.7 0.1 - - 1.5 2,2
3.0 hr 5.9 0.1 0.7 0.8 lo4 1a4 - - 5.9 3.1
Steam Jet Gum, D 381,
mg/100 ml 22,8+ 26.6+ 13.3 14l *35.3  1l.4 - - 11.9 laas
Total Acid Number, D 664,
mg KOH/g sample G.05 0.05 0.05 0.04 0.05 0.04 - -~ 0.04 0.05
Visual Inspection C+B C+B C+B C+B C+B C+B - - C+8 C+B
Coler, D 1500 2.5 2.5 2.5 2,0 2.5 2.0 - - 2.5 1.5
Light Absorbance at
650 nm 0,019 0,020 0,027 0,018 0.020 0.012 -- - 0.015  0.007
575 nm 0.073 0,073 0.080 0,055 0.064 0.041 -- - 0,057 0,028
540 nm 0.141 0,140 0.147  0.101 0,116 0,079 -~ - 0.110  0.056
500 am 0.253 0.251 0.260 0.184 0.212 0.140 - —— 0,194 0,100
* Samples did not dry after 1 hour in steam block.
+ Sample was still wet after [ hour {in steam block.
Filters remained plugged after 2 hours of filtration.
** Dropped from program,
Vehicle Code C-1 c-2 C-3 C-4 C-5 D-1{ n-2 -3 D-4 D=5 D-b _E-5
Additive Treated no yes yes yes no no ves ves yes yes no ves
Accelerated Stability,
D 2274, Total Insolubles,
mg/ 100 ml 2.4 0.3 0.3 0.3 2.7 0.3 @ 0,1 0.1 0.9 0.
Particulates, D 2276,
1.2 micrometer, mg/1000 w1l 2,1 1.9 5,0 4,0 5.1 4.4 17.6 445 19,4 6.6 1.4 1.1
150°C Accelerated Stability,
Total Insolubles, mg/100 ml
1.5 hr 2.5 0,3 0.5 0.6 4,8 0.3 5.3 0.6 [.0 0.3 263 Jus
3.0 hr 8.3 0.1 2.6 2.9 8.7 6.7 6.9 0.9 1,5 0,1 3,2 1.0
Steam Jet Gum, D 381,
mg/100 ml 21,7+  *108.8 #*85,9 16.7 1.0 15.5 *124,7 *147.0 #*98,9  *48,! 7.2 5.9
Total Acid Number, D 664,
mg KOH/g sample 0.04 0,05 0,07 0,04 0,06 0,05 0.03 0,06 0,05 0,07 0,08 0.5
Visual Inspection C+B C+B C+B C+B C+B C+B Cloudy C+B C+8 C+B C+8 CeR
Color, D 1500 2.0 2.5 2.5 2.0 1.5 2,5 3.0 2.5 2.5 25 1.0 10
Light Absorbance at
650 nm 0,013 0,019 0,013 0,017 0,001 0,023 0.256 0.017 0,023  0.023 0,007 0,00]
575 om 0,052 0,066 0,055 0,056 0.04! 0,065 0,375 0,058 0,063 0.065 0,02« 0,04
540 nm 0,103 0,122 0,106 0,105 0.072 0,116 0,493 0,112 0,113 0,119 0,040 0,031
500 nm 0.182 0,220 0.196 0,188 0,121 0.211  0.700 0,216  0.207 0,220 0,064 0,085
* Samples did not dry after | hour {n steam block.
+ Sample was still wet after | hour {n steam block.
@ Filters remained plugged after 2 hours of filitration.
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heptane and sonic cleaner rinse., The residue from this rinse was collected,
oven dried, and analyzed by various methods. Table 13 lists the results of
analysis of the residues by quantitative X-ray fluorescence. Note that all
samples show relatively high levels of iron in the residue. This could be a
sign of corrosion in the fuel system or possibly contaminaton from an external
source, There also exists high amounts of zinc and lead in some of the sam-
ples. The presence of these two elements is probably the result of surface
corrosion of the fuel tank/filler pipe. Infrared (IR) analysis was also per-

formed on each of the heptane insoluble residue samples., Figures 4 through 7

FIGURE 2, FUEL FILLER PIPE FROM FIGURE 3. FUEL FILTER FROM
POMCUS VEHICLE NO. 04K16869 POMCUS VEHICLE NO. 12EY66




TABLE 13. ELEMENTAL ANALYSIS OF POMCUS FUEL FILTER RESIDUES
(Wt% of Element Detected)

Element 12EZ08 12EY66 04K16869 12FM32
Mg 0.17 0.72 0.17 0.12
Al 0.62 1,03 0.28 0,15
si 1.85 1.74 1.21 0.44
P * 0.11 * 0.09
S 1.46 3.18 4,01 0.58
Cl * 0.46 * 0.23
Ca 1.78 3.25 0.39 4,22
Ti 0.15 0.31 0.09 0.04
Ba 0,51 1.25 0.33 0.07
v 0,02 0,08 * *
Cr 0.09 0.39 0,08 *
Mn * 0.12 * *
Fe 11,80 5.46 1.09 25.58
Cu 0.21 0.60 0.13 0.13
Zn 2.42 0.81 0.48 1.11
Pb 3.75 0.77 39.84 0.16
Br 0.04 0.06 * *

*None detected.

are the IR spectra for each of the samples. Microbiological debris usually
has absorption bands in the 5.,9- to 6.,l-micrometer range as well as at 3 and
6.54 micrometers. Fuel degradation products have absorption bands at 3, 5.8,
and 6,25 micrometers. Examination of the IR spectra (Figures 4 through 7)
shows that each sample potentially contains some microbiological debris but

mainly fuel degradation products. Microscopic examination of the residues
shows some microblological debris, rust, and dirt, and a large amount of
particles less than 2 micrometers in size, Figure 8 1s a photograph of a
representative microscopic field taken during the examination of the filter
residue from Vehicle No. 12FM32,




FIGURE 4. INFRARED SPECTRUM OF HEPTANE INSOLUBLE RESIDUE
FROM POMCUS VEHICLE FUEL FILTER~--VEHICLE NO. 12EZ(08
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FIGURE 5. INFRARED SPECTRUM OF HEPTANE INSOLUBLE RESIDUE
FROM POMCUS VEHICLE FUEL FILTER--VEHICLE NO. 12EY66

FIGURE 6. INFRARED SPECTRUM OF HEPTANE INSOLUBLE RESIDUE
FROM POMCUS VEHICLE FUEL FILTER--VEHICLE NO. 04K16869
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FIGURE 7. INFRARED SPECTRUM OF HEPTANE INSOLUBLE RESIDUE
FROM POMCUS VEHLCLE FUEL FILTER-~VEHLCLE NO. 12FM32
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FIGURE 8, PHOTOGRAPH OF HEPTANE INSOLUBLE RESIDUE FROM POMCUS VEHICLE
FUEL FILTER--VEHICLE NO. [2FM32
(Note: O0il wetted lens--1,0um/scale division)

During the termination, a prototype Field Fuel Tester was used on site to
estimate the cleanliness of several of the fuel samples. Table 14 is a com-

parison of the field results with those obtained by laboratory analysis,

TABLE 14, COMPARISON OF PARTICULATES DATA OBTAINED BY LABORATORY
ANALYSIS AND USING THE AFLRL PROTOTYPE FIELD FUEL QUALITY MONITOR

Vehicle Laboratory(a) Field(b)
Code Data Data
B-1 0.3 2.3
A-2 1.1 4,3
A-1 l.6 6.8
A-3 2,5 3.9
b-1 4.4 7.3
D-3 4.5 3.3
D~5 6.6 2,8
D=~2 17.6 9.9
D~4 19.4 3.3

(a) Particulates, D 2276, (mod.) 1.2 micrometer, mg/1000 ml,
(b) Particulates, Glass Fiber Filter, mg/1000 ml,




Although there is some difference between resulte for the same sample, the
field results do tend to be close and generally trend in like manner to the
laboratory data. However, it should be noted that the laboratory test and the
field test operate on different principles; the laboratory test being gravi-
metric, while the field test relies on light absorption by the contaminants,
making the field test susceptible to particulate color,

With respect to current status, all testing 1s complete. Approval for and
authority to initiate fueling of POMCUS diesel powered vehicles from the
Department of the Army 18 being pursued by the Office of the Deputy Chief of
staff of Logistics (See Reference 4).

III. CONCLUSIONS AND RECOMMENDATIONS

) Under controlled laboratory conditions, the treated test fuel was sig-
nificantly more stable than the untreated test fuel, as measured by a

variety of fuel stability test techniques,

) Under the conditions of the POMCUS storage tests, fully fueled vehicles
were successfully stored for 30 months, These conditions included a
stable base fuel, use of the stabilizer additive package, and warehouse
storage under controlled humidity, Some corrosion of metal surfaces did
occur but this was primarily on nonfuel-wetted surfaces (fuel filler pipe
and cap) where corrosion protection from the additive-treated fuel was

not available, No fuel-related malfunctions occurred during the termi-

nation procedure, which included starting and operating the vehicles.

. Under field test conditions, there are many additional uncoatrolled
factors which tend to obscure the differences between treated and un-

treated fuel, These include sampling techniques, shipping time, and
unknown initial condition of fuel tanks.,

] Phased implementation of fully fueled diesel vehicle storage is com-

pletely feasible, provided proper use of additives and fuel quality is
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initially established, and subsequent "spot" sampling of stored vehicles
for fuel quality monitoring is conducted.
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Attn: DRDME~GL 10 CDR
FORT BELVOIR VA 22060 US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY
ATTN STSGP-FT (MS GEORGE) 1 i
* STSGP-PE 1 i

STSGP (COL HILL) 1
NEW CUMBERLAND ARMY DEPOT :
NEW CUMBERLAND PA 17070 l
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CDR

US ARMY ARRCOM, LOG ENGR DIR
ATTN DRSAR-LEM (MR MENKE)
ROCK ISLAND ARSENAL IL 61299

CDR

US ARMY COLD REGION TEST CENTER
ATTN STECR-TA (MR HASLEM)

APO SEATTLE 98733

CDR

US ARMY RES & STDZN GROUP
(EUROPE)

ATTN DRXSN-E-RA

BOX 65

FPO NEW YORK 09510

HQ, US ARMY AVIATION R&D CMD

ATTN DRDAV-D (MR CRAWFORD)
DRDAV-N (MR BORGMAN)
DRDAV-E (MR LONG)

P O BOX 209

ST LOUIS MO 63166

CDR

US ARMY FORCES COMMAND

ATTN AFLG-REG (MR HAMMERSTROM)
AFLG-POP (MR COOK)

FORT MCPHERSON GA 30330

CDR
US ARMY ABERDEEN PROVING GROUND
ATTIN STEAP-MT

STEAP-MT-U (MR DEAVER)

ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY YUMA PROVING GROUND
ATTN STEYP-MT (MR DOEBBLER)
YUMA AR 85364

MICHIGAN ARMY MISSILE PLANT
OFC OF PROJ MGR, XM-1 TANK SYS
ATTN DRCPM-GCM-S

WARREN MI 48090

MICHIGAN ARMY MISSILE PLANT
PROG MGR, FIGHTING VEHICLE SYS
ATTN DRCPM-FVS-SE

WARREN MI 48090

[

[ ]

Pt e

PROJ MGR, M60 TANK DEVELOPMENT
ATTN DRCPM-M60-E (MR WESALA)
WARREN MI 48090

PROG MGR, M113/M113A1 FAMILY
OF VEHICLES

ATTN DRCPM-M113

WARREN MI 48090

PROJ MGR, MOBILE ELECTRIC POWER
ATTN DRCPM-MEP-TM

7500 BACKLICK ROAD

SPRINGFIELD VA 22150

OFC OF PROJ MGR, IMPROVED TOW
VEHICLE

US ARMY TANK-AUTOMOTIVE R&D CMD

ATTN DRCPM-ITV-T

WARREN MI 48090

CDR

US ARMY EUROPE & SEVENTH ARMY
ATTN AEAGC-FMD

APO NY 09403

PROJ MGR, PATRIOT PROJ OFC
ATTN DRCPM-MD-T-G

US ARMY DARCOM

REDSTONE ARSENAL AL 35809

CDR

THEATER ARMY MATERIAL MGMT
CENTER (200TH)

DIRECTORATE FCR PETROL MGMT

ATTN AEAGD-MM-PT-Q (MR PINZOLA)

ZWEIBRUCKEN

APO NY 09052

CDR
US ARMY RESEARCH OFC
ATTN DRXRO-EG
DRXRO-CB (DR GHIRARDELLI)
DRXRO-TT (DR SCHMIEORSHOFF)
P 0 BOX 12211
RSCH TRIANGLE PARK NC 27709

DIR

US ARMY RS&T LAB

ADVANCED SYSTEMS RSCH OFC
ATTN MR D WILSTED

AMES RSCH CTR

MOFFITT FIELD CA 94035
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CDR

TOBYHANNA ARMY DEPOT
ATTN SDSTO-TP-S
TOBYHANNA PA 18466

DIR
US ARMY MATERIALS & MECHANICS
RSCH CTR
ATTN DRXMR-E
DRXMR-T
DRXMR-R
WATERTOWN MA 02172

CDR

US ARMY DEPOT SYSTEMS CMD
ATTN DRSDS

CHAMBERSBURG PA 17201

CDR

US ARMY WATERVLIET ARSENAL
ATTN SARWY~RDD

WATERVLIET NY 12189

CDR

US ARMY LEA

ATTN DALO-LEP

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN STSGP-PW (MR PRICE)

SHARPE ARMY DEPOT

LATHROP CA 95330

CDR

US ARMY FOREIGN SCIENCE & TECH
CENTER

ATTN DRXST-MT1

FEDERAL BLDG

CHARLOTTESVILLE VA 22901

CDR

DARCOM MATERIAL READINESS
SUPPORT ACTIVITY (MRSA)

ATTN DRXMD~MD

LEXINGTON KY 40511

HQ, US ARMY T&E COMMAND
ATTN DRSTE~TO-0O

b et s

1

ABERDEEN PROVING GROUND, MD 21005

e et

HQ, US ARMY ARMAMENT R&D CMD

ATTN DRDAR-SCM-00 (MR MUFFLEY)
DRDAR-TST-S

DOVER NJ 07801

HQ, US ARMY TROOP SUPPORT &
AVIATION MATERIAL READINESS
COMMAND
ATTN DRSTS-MEG (2)
DRCPO-PDE (LTC FOSTER)
4300 GOODFELLOW BLVD
ST LOUIS MO 63120

DEPARTMENT OF THE ARMY
CONSTRUCTION ENG RSCH LAB
ATTN CERL-EM

CERL-ZT

CtRL-EH
P O BOa 4005
CHAMPAIGN IL 61820

HQ

US ARMY TRAINING & DOCTRINE CMD

ATIN ATCD-SL (MR RAFFERTY)
ATCD-TA
ATCD-D

FORT MONROE VA 23651

DIRECTOR

—

—

-

US ARMY RSCH & TECH LAB (AVRADCOM)

PROPULSION LABORATORY

ATTN DAVDL-PL~D (MR ACURIO)
21000 BROOKPARK ROAD
CLEVELAND OH 44135

CDR

US ARMY NATICK RES & DEV CMD
ATTN DRDNA~YEP (DR KAPLAN)
NATICK MA 01760

CDR

US ARMY TRANSPORTATION SCHOOL
ATTN ATSP~CD-MS

FORT EUSTIS VA 23604

CDR
US ARMY QUARTERMASTER SCHOOL
ATTN ATSM-CTD-MS

ATSM~-TNG-PT (COL VOLPE)
FORT LEE VA 23801

HQ, US ARMY ARMOR SCHOOL
ATTN ATSB-TD
FORT KNOX KY 40121
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CDR DEPARTMENT OF THE NAVY
US ARMY LOGISTICS CTR HQ, US MARINE CORPS
ATTN ATCL-MS (MR A MARSHALL) 1 ATTN LPP (MAJ SANBERG) 1
FORT LEE VA 23801 IMM (MAJ GRIGGS) 1
WASHINGTON DC 20380
CDR
US ARMY FIELD ARTILLERY SCHOOL CDR
ATTN ATSF-CD 1 NAVAL AIR SYSTEMS CMD
FORT SILL OK 73503 ATTIN CODE 52032E (MR WEINBURG) 1 : 1
CODE 53645 1 !
CDR WASHINGTON DC 20361
US ARMY ORDNANCE CTR & SCHOOL «
ATTN ATSL~CTD-MS i CDR
ABERDEEN PROVING GROUND MD 21005 NAVAL AIR DEVELOPMENT CTR
ATTN CODE 60612 (MR L STALLINGS) 1
CDR WARMINSTER PA 18974
US ARMY ENGINEER SCHOOL
ATTN ATSE-CDM 1 CDR
FORT BELVOIR VA 22060 NAVAL RESEARCH LABORATORY
ATTN CODE 6170 (MR H RAVNER) 1
CDR CODE 6180 1
US ARMY INFANTRY SCHOOL CODE 6110 (DR HARVEY) 1
ATTN ATSH~CD-MS-M 1 WASHINGTON DC 20375
FORT BENNING GA 31905 -
CDR i
CDR NAVAL FACILITIES ENGR CTR
US ARMY AVIATION CTR & FT RUCKER ATTN CODE 1202B (MR R BURRIS) 1
ATTN ATZQ-D 1 CODE 120B (MR BUSCHELMAN) 1
FORT RUCKER AL 36362 200 STOVWALL ST

ALEXANDRIA VA 22322

DEPARTMENT OF THE NAVY
CHIEF OF NAVAL RESEARCH

CDR ATTN CODE 473 (DR R MILLER) 1
NAVAL AIR PROPULSION CENTER ARLINGTON VA 22217
ATTN PE-71 1
PE-72 (MR D'ORAZIO) 1 CDR
P O BOX 7176 NAVAL AIR ENGR CENTER
TRENTON NJ 06828 ATTN CODE 92727 1
LAKEHURST NJ 08733
CDR
NAVAL SEA SYSTEMS CMD CDR
CODE 6101F (MR R LAYNE) 1 NAVY FACILITIES ENGRG CMD
WASHINGTON DC 20362 CIVIL ENGR SUPPORT OFC
CODE 15312A (ATTN EOC COOK) 1
CDR NAVAL CONSTRUCTION BATTALION CTR
DAVID TAYLOR NAVAL SHIP R&D CTIR PORT HUENEME CA 93043
CODE 2830 (MR G BOSMAJIAN) 1
CODE 2831 1 CDR, NAVAL MATERIAL COMMAND
ANNAPOLIS MD 21402 ATTN MAT-08E (DR A ROBERTS) 1
CP6, RM 606 MAT-08E (MR ZIEM) 1
JOINT OIL ANALYSIS PROGRAM - WASHINGTON DC 20360
TECHNICAL SUPPORT CTR 1
BLDG 780
NAVAL AIR STATION
; PENSACOLA FL 32508
}
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CDR OTHER GOVERNMENT AGENCIES
NAVY PETROLEUM OFC

ATTN CODE 40 1 US DEPARTMENT OF TRANSPORTATION
CAMERON STATION ATTN AIRCRAFT DESIGN CRITERIA
ALEXANDRIA VA 22314 BRANCH 2
FEDERAL AVIATION ADMIN
CDR 2100 2ND ST sSW
MARINE CORPS LOGISTICS SUPPORT WASHINGTON DC 20590
BASE ATLANTIC
ATTN CODE P841 1 US DEPARTMENT OF ENERGY
ALBANY GA 31704 DIV OF TRANS ENERGY CONSERV 2
ALTERNATIVE FUELS UTILIZATION
DEPARTMENT OF THE AIR FORCE BRANCH
20 MASSACHUSETTS AVENUE
HQ, USAF WASHINGTON DC 20545
ATTN RDPT 1
WASHINGTON DC 20330 DIRECTOR
NATL MAINTENANCE TECH SUPPORT
HQ AIR FORCE SYSTEMS CMD CTR 2
ATTN AFSC/DLF (LTC RADLOF) 1 US POSTAL SERVICE
ANDREWS AFB MD 20334 NORMAN OK 73069
CDR US DEPARTMENT OF ENERGY "
US AIR FORCE WRIGHT AERONAUTICAL BARTLESVILLE ENERGY RSCH CTR 1
LAB DIV OF PROCESSING & THERMO RES 1
ATTN AFWAL/POSF (MR CHURCHILL) 1 DIV OF UTILIZATION RES 1
AFWAL/POSL (MR JONES) 1 BOX 1398
WRIGHT-PATTERSON AFB OH 45433 BARTLESVILLE OK 74003
CDR SCI & TECH INFO FACILITY
USAF SAN ANTONIO AIR I.OGISTICS ATTN NASA REP (SAK/DL) 1
CTR P 0 BOX 8757
ATTN SAALC/SFQ (MR MAKRIS) 1 BALTIMORE/WASH INT AIRPORT MD 21240
SAALC/MMPRR (MR ELLIOT) 1
KELLY AIR FORCE BASE, TX 78241
CDR
US AIR FORCE WRIGHT AERONAUTICAL
LAB
ATTN AFWAL/MLSE (MR MORRIS) 1
AFWAL/MLBT 1
WRIGHT-PATTERSON AFB OH 45433
CDR
USAF WARNER ROBINS AIR LOGISTIC
CTIR

ATIN WR-ALC/MMIRAB-1 (MR GRAHAM) 1
ROBINS AFB GA 31098
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